ABSTRACT. Hemagglutinin (H) gene of two CDV isolates, the Haku93 and Haku00 strains, from masked palm civets was molecularly analyzed. H genes of both two CDVs contained one open reading frame encoding 607 amino acids. Nucleotide and predicted amino acid sequences of H gene of the CDV Haku93 and Haku00 revealed high similarity to those of recent field isolates such as the Yanaka and Tanu96, while they showed limited identity to those of old vaccine strains. Potential N-linked glycosylation sites in both Haku93 and Haku00 were identical to other recent CDV isolates. Phylogenetic analysis revealed that the CDV strains derived from masked palm civets were classified into the group of recent Japanese CDV isolates. KEY WORDS: canine distemper virus, hemagglutinin, masked palm civets.
Canine distemper virus (CDV) is a negative-strand RNA virus belonging to genus Morbillivirus and family Paramyxoviridae, which includes human measles virus (MV), bovine rinderpest virus (RPV) and peste-des-petits-ruminant virus (PPRV). Genome of morbillivirus encodes six proteins including two membrane glycoproteins [the hemagglutinin (H) and fusion (F)], one envelope-associated matrix (M) protein, two transcriptase-associated proteins [the phosphoprotein (P) and large (L) protein], and nucleocapsid (N) protein which encapsidates and protects the viral RNA genome. H protein plays an important role in binding of the virus to the cell membrane. In addition, the H gene shows high genetic variation among strains compared to other regions of viral genome [6] . Global efforts clarified the H gene sequences of many CDV strains isolated from domestic dogs and wild animals, such as lion, raccoon and ferret, were identified. Therefore, molecular analysis of H gene could be useful for understanding the genetical relationship among each strain.
CDV is a causative agent of lethal diseases in dogs and other carnivores. The infection induces a systemic illness, such as neurological disease [14] . Since live-attenuated vaccines became available in domestic dogs, CDV infections had been well controlled for over 30 years. In the last decades, however, the number of dogs diagnosed as CD has increased in Japan [4, 5] . CDV prevalence in wild raccoon dogs (Nyctereutes procyonoides) was also reported [9] . The epizootic lasted for approximately three months and seemed to have resulted in numerous numbers of deaths of raccoon dogs in the Nishi-Tama area, suburbs of Tokyo [9] . Moreover, raccoon dogs in Kanagawa prefecture showed CD symptoms and we successfully isolated a wild strain of CDV (the Tanu96 strain) [12] . The molecular analysis of H gene of this strain gave us evidence showing its close relationship with recent CDV isolates from domestic dogs.
Masked palm civet (Paguma larvata) is a member of the Viverridae family and thought to be a naturalized animal in Japan. In 1992, Machida et al. reported that a wild masked palm civet captured in western Tokyo area was pathologically diagnosed as CDV infection [10] . It was two weeks before the epizootic of CDV in raccoon dogs had become widespread in Japan [9] . However, virological characteristics of CDV derived from masked palm civets have not been clarified yet. In this report, in order to investigate the relationship between CDVs from masked palm civets, domestic dogs and raccoon dogs in Japan, the H gene sequences of two wild CDV strains isolated from masked palm civets in 1993 and 2000 were determined, and phylogenetic analysis was performed.
The Haku93 and Haku00 strains were derived from freeranging masked palm civet captured in Okutama area in Tokyo prefecture in 1993 and in Tochigi prefecture in 2000, respectively. Both animals showed clinical symptoms typical for CDV infection. The Haku93 strain was isolated by co-culivation of lymphoid tissues with Vero cells, and the Haku00 strain was by co-cultivation of peripheral blood cells with B95a cells. Total RNA of Haku00 was extracted from brain tissue before the virus isolation by Isogen reagent (Nippon gene), and that of Haku93 was from CDVinfected Vero cells. The RNA was transcribed to cDNA using reverse transcriptase and random primer (6mer). The cDNA of H gene was amplified by PCR using CDV H specific primers (F11, 5'-6503 GCT GAC ATT TAT TGC CTC CG -3' and LOVE2-15, 5'-9535 AAC CAT AGA AGG AAA GG -3') [8] . Following the first PCR, nested PCR was performed with internal primer set; F5 (5'-6977 CGC CCA ATT TCC TTC AAA AG -3') and L2 (5'-9047 TAC TGA AAC AGA GTC CAT GG -3') [8] . The PCR products (2070 bp) were separated by 1% agarose gel electrophoresis and corresponding DNA fragment was extracted using QIAEX II (QIAGEN, Hilden, Germany) according to the manufacturer's instructions. Then, purified DNA fragments were directly sequenced using Big Dye Terminator cycle sequence kit (Applied Biosystems Inc., CA) and internal H gene sequence primers; F5, H15 (5'-7346 GAT GTC TTG ACA CCG CTC TT -3'), H19 (5'-7959 CCT TGT GTG TAG ATG AGA GC -3'), H21 (5'-8229 GAA AAT CCT ACC CTA TGT GC -3'), H27 (5'-7494 GTA TTA ACC CAC CTA GCA AG -3') and H29 (5'-8554 ACC CAT TCA AAC ATC CCA GA -3') [8] .
The entire nucleotide sequences of a total 1948 bp CDV H gene of the Haku93 strain and Haku00 strains were determined. Both H genes consisted of 1821 nucleotides of one open reading frame (ORF), 22 nucleotides of 5' untranslated region (UTR) and 105 nucleotides of 3' UTR. The length of H gene ORF of the Haku93 and the Haku00 strains was the same as recent field isolates, the Yanaka strain from a dog and the Tanu96 strain from a free-ranging raccoon dog. H gene ORF of the Onderstepoort strain consists of 1812 nucleotides and is nine nucleotides shorter than those of recent isolates (Fig. 1a) , while 3' UTR is nine nucleotides longer [2] . From the nucleotide sequence, it was predicted that H gene ORF of the Haku93 and Haku00 strains encoded 607 amino acids (Fig. 1b) . Within the proposed H protein sequences of the two isolates, 12 cysteine residues known to Fig. 2 . Phylogenetic analysis of CDV. The Haku93 and the Haku00 strains (underlined) were clearly classified into the brunch of Japanese isolates. The accession numbers of the strains in this analysis are; 2544 (CAB01252), 26D (BAB39166), 404 (CAB01251), 4513 (CAB01253), 98-002 (BAA84208), a92-27/4 (Q66001), a92-6 (Q66000), black leopard (CAA87692),. Convac (Z35493), Danish dog (CAA87690), mink (CAA87688), German dog (X85000), ferret (X84999), Hamamatsu (BAA19585), HM-3 (BAB39167), Javelina (CAA87693), liud (AAD49419), Onderstepoort (AAG30920), PDV-2 (CAA59357), raccoon (CAA87694), Snyder Hill (AAG15490), Tanu96 (BAA33740), Ueno (BAA19584), Yanaka (BAA19586).
be important in determining the secondary structure of protein were located at the same positions to those of other wild strains from dogs in Japan and a vaccine strain. (Table 1 ). At the amino acid level, the Haku93 and Haku00 strains showed more than 97% identity with the recent isolates, but 89.7% similarities with the Onderstepoort strain ( Table 1) . In order to investigate the genetic relationship between the two wild isolates and other CDV strains, the phylogenetic analysis (PHYLIP program, [3] ) was performed using amino acid sequences of the H protein. In the previous reports, the current Japanese CDV isolates were in a close phylogenetic cluster and clearly separated from old CDV strains such as the Onderstepoort and Convac strains [8, 11] . CDVs derived from masked palm civets were classified into the cluster of the recent Japanese field isolates (Fig. 2) . In Europe, CDVs from dogs and those from mustelids in the same area were classified into different genotypes [6, 7] . In Japan, however, CDVs from masked palm civets and a raccoon dog were very close to the domestic dog origins. Therefore, it is suspected that field isolates circulating in Japan might have same lineage regardless of animal species. Masked palm civets share their living area with raccoon dogs in forests. Moreover, wild masked palm civets occasionally appear in human dwelling near the forest to seek for feeds. The infectious route of CDV to wild masked palm civets seemed to be the contact with these animals in Japan.
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